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ABSTRACT

This study was conducted to determine the amount and size of simu-
lated dry fallout particles retained by various Quartermaster Corps
clothing and packaging materials, after fileld decontamination procedures
are applied. An attempt also was made to correlate qualitatively the
amount retained with surface properties of the materials.

Dry spherical, glass bcads in selected size-distribution groups
(14-270 p, 14-100 u, end 14-75 p) were used to simulate fallout partic-
les from & nuclear detonation. The amount remsining was measured gravie
metrically and visually by optical microscope after application of three
mechanical removal operations.

It was found that materials having entrapping fibers retained the
largest amount of beads. The amount was directly proportional to the
number of open spaces and the number of loose fibers that acted as en-
trappers. Scrim-back packaglng material retaived 0.3 g/ft2 of particles
which had an average diameter of $0 p. Cotton sateen clothing and cot-
ton poplin clothing had lesser amounts. All other materials tested re-
tained zero or insignificant amounts.

Mechanical entrapment of particles by the loose fibers appeared to
be the principal mechanism of retention.




SUMMARY

Problem

This study was conducted to measure the amount of glass beads,
simulating dry fallout, that 1s retained by certain Quartermaster Corps
clothing and packaging materials, and to qualitatively determine how
the simulated beads were retained.

Findings

Mechanical entrapment of the macroscoplc~ and microscopic-sized
spherical beads was the principal mechanism of retention. Materiaels
having high amounts of entrapping fibers retsin detectable amounts of
these beads even after the application of three mechanical removal
operations. All cloth and Scrimeback packeging material are in this

category.
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INTRODUCTION

Radioactlive fallout particles large enough to be scen adhering to
materials arec deposited at the earth's surface after the violent distur-
bance of a nuclear detonation subsides. Material and personnel loceted
within the fallout arca present potcential collecting surfaces to the
descending pearticles.

Such potential radiological contamination takes on tactical mili-
tery significance when the collecting surfaces of radioactive fallout
particles are clothing worn by soldicrs or material handled by them.
Defense againsi the resultant hazards would consist in decontamination
of the clothing and in minimizing the contaminability of the clothing
and packaging materials. The conteminability-decontaminability charec-
terlstics of common materials remaincd to be determined.

An investigationl was conducted on Toot soldiers crawling through
en area contaminated with dry synthetic fallout materiel. Results of
this test indicated that the soil loading on the soldicr's clothing was
10 times that on their skin. Simultancously, the QMC preliminarily evalue
ated the field laundering facilities for clothing contemineted with the
same dry synthetic fallout material.

These two tests, however, did not involve the study of the mechan-
ism of soll particle retention. This knowledge in relation to particle
size range, 1is necessary for definitive cvaluation of clothing decon-
tamination methods. It was also desired to know whether microscopic-
sized dry particles would be difficult to remove from packaging materials.

This investigation was conducted on a laboratory scale, to deter-
mine wvhether various QMC clothing and packaging maeterials would retein
nmeasurable quantities of lh-to-270-p~sized particles and to qualitet-
ively determine the method of retention.




"CHARACTERISTICS OF FALLOUT FROM NUCLEAR DETONATIONS

Radioactive fallout particles are formed by the interaction of
condensing vaporized materials: metals and fission products derived
from the bomb and the associated bomb structure, some surface materials,
with other surface materials that are swept up into the cooling fireball.

The physical properties of fallout psrticles depend upon many vari-
ables, such as helght and size of detonation, bomb constituents, asso-
ciated bomb structures, and nature of envirommental materials. A study
of some of the physical and chemical propertlies of fallout collected at
the Nevada Test Site and the Eniwetok Proving Grounds demonstrated the
wide variation in the properties according to the detonation conditions.
Collecting statlons at various locations alsc produced evidences of the
differences in the physical and chemical properties of the fallout par-
ticles.

Reference 2 described particles collected from & tower shot at
Eniwetok Proving Ground. The most common type was black, spheroidal,
weskly magnetic, and usually cracked and veined with calcium salts.
Theee particles varied in size from about 1/4 to 1 rm in dlameter. A
second type was black, usuelly shiny with a metalllic luster, spherical,
end magnetic, and were found to be up to about 1/2 mm in diemeter. A
third type was small black spheres ranging from ebout 10 p in diameter
to submicroscoplc.

The fallout particles collected following tower shots at Nevada
were similar to the first type described above, black spheres ranging
from 1 or 2 mm to about 1/4% mm in diamecter. They had a metallic or
glossy luster and many were magnetic. The densitles of the several
that werc measured varied from 1.38 to 2.56 g/cc.

The fallout particles from the Eniwetok and Bikini surface shots
were of two shapes, angular and spherical, both derived from coral sand
grains. These particles were white to pale yellow or gray, and varied
from 1 or 2 mm to several microns In diameter. The densitles varied
from 2.0 to 2.8 g/cc.

Fallout particles collected following a low~yleld surface shot in
Nevada consisted of glass derived from the melting and subsequent fus-
ion of the silicate minerals in the soil. There were two types: trans-
parent. spheres of a yellow-green color; and irregular, opaque,brown graln.
which did not appear different from the unaitered mineral gralins of the
original soil. Both types were found to be up to 2 or 3 mm in diameter.




Simulation of fallout particles from all types of nuclear detona-
tion was unnecessary for the scope of this test. If a foot soldier
encounters fallout of visible size range, it probably would have come
from a surface or low alir burst over land areas. According to the re-
sults obtained from surface, tower, and low air detonations over Nevads
Test Site, the particulate matter would be dry, of various shapes, and
have a density closz to that of glass. Therefore, dry, glass spheres,
of 2.5 g/cm3 density and in three size ranges, were used for the tests.

INTERACTION OF PARTICLES WITH MATERIALS
Contamination

Physical contamination by microscopic radiocactive fallout particles
of materials used by the Quartermaster Corps for clothing and packaging
is similar in mechanism to the sollage of fabrics by dust particles.
Getchell, in a study3 on fabrics soiled by dust particles, determined
impingement and retention as separate phases in the soilage.

Furthermore, he considered retention as a function of the material
and impingement as a function of the field condition. The mechanisms
of impingement are: (1) diffusion of very smell particles in air; (2)
deposition of medium- and largc-sized particles from air; (3) direct
transfer of particles from another soiled surface; (4) interception or
contact by inertial effects of particles in a moving air stream; and
(5) electrostatic attraction either from air or from another surface.

Two mechanisms which are most predominantly involved in the depo-
sition of fallout particles on personnel or peckaging materials in the
field, were simulated in the present study. The two mechanisms are
deposition and a variation of the direct transfer method of impingement.
The deposition of medium and large particles from air would follow
Stoke'!s Law for free-falling particles, and eny unprotected surface can
become contaminated by these falling particles. The direct transfer
method is the transfer of particles from a soiled or contaminated sur~
face or material to a clean surface or material by contact between the
Wo surfaces.,

The mechanisms of retention are: (1) mechanical occlusion; (2) oil
bonding; and (3) electrostatic forces.

Decontamination.

Decontamination of microscopic radicactive fallout particles from
any surface 1s the physical removal of particles by overcoming the




forces of retention. The methods employed in decontaminating are (1)
mechanical, (2) chemical,and (3) combination of mechanical and chemical
means.

In the field, personnel exposed to visible fallout would employ
three removel operations. They would, if no previous instructions were
given, rise and seek shelter. Once under shelter, they would attempt
to remove visible partleles by brushing, and if possible, by applying
a stream of air or other more vigorous method of particle removal. Up
to this point, the personnel has performed three removal operations.

By rising, he has removed particles which are acted upon by gravity.

By brushing, a mechanicel method hes been employed to remove more par-
ticles. By applylng air or other more vigorous mechanical methods, all
particles that are likely to be removed have been displaced from the
clothing. Field radiacs would be necessary to determine the need for
further decontamination which could be accomplished through chemical
decontamination.

These field methods were simulated in the laboratory test by seq-
ventially (1) placing the contaminated sample in a vertical position;
(2) vrushing; and (3) applying an air stream over the sample. Size and
smount of particles remalining after the laboratory test sequence were
assumed to be indlcative of the size and amount of particles remeining
under field conditions.

The sequence was also utilized on the packaging materials, though
packages would generally be left undisturbed until cessation of fallout,
to standardize the test conditions.




EXPERIMENTAL PROCEDURES

MATERTALS TESTED

Nine clothing and 15 packagiog materisls supplied by the Quarter-~
master Corps* were studied:

Test Code Materisl, as described by suppliers
Clothing

C-1 Cloth. cottoa:. sateen, 9.0 ¢z. 0G~107, untreated

Cc-2 Cloth, cctton, =ateen. 9 G oz, OF-107; fire~resistant
treated

C-3 Cloth, cotton. sateen, 9.0 oz 0G=-107, water-repellant
treated

C-h Cloth, cotton, gateeu, 9.0 oz. 0G~107. treated with
experimentnl finiszh Q

C-5 Cloth, cotton, saleen, 9.C cz. O0-107, treated with
experimental {inish QP

c-6 Cloth, cotton, sat=en, 9.0 cz. 0G~107, treated with
experimental fialsh BT

C=-T7 Cloth, ooffon/nylon, pepling 7.0 cz. 0G=107, untreated

c-8 Cloth, cctton, poplin, 5.0 cz. Khaki #1, urtreated

c-9 Cloth; cotton, poplin, 5.0 nz. Khaki #l, fire-resiste-

ant ;treated

*Further informatior on the materials tested may be obtained frem: the
-Quartermaster Research and Eagireering Center, Natick, Mass., on the
clothing samples; frcem the Quartermaster Feod and Contginer Institute
for the Armed Forces; Chicage, Tll., cn the packaging materials.
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Test Code

Packaging

B~-1

B-3

B-k

B-5

B-6

B-8

B-9

Material, as described by suppliers

Laminated
face side

back side

Laminated
face side

back side
Laminated
face gide
back side

Laminated
face side

back side

board

- 1.5 mil clear polyethylene coating on &0
1b creped kraft paper ("K-crepe")

- 1/1C inch hardboard ("Weytex")

toard
- 1.5 mil black polyethylene coating on 90
1t kraft paper ("Polykraft")
- 1/10 ineck hardboard ("Superwood")

board

- 1 mil clear polyethylene coating on dup-
lexed creped kraft paper reinforced with
fiberglass scrim ("Thilcotuf™)

- 1/8 inch hardboard {“Armorboard")

board

- 170 1b kraft with imbedded sisal reinforc-
ing strands {“Cordex")

- 1/8 iach hardboard ("Armorboard")

Laminated board

face side
back side

Laninated
face side

back side

laminated
face side

back side

Laminated
face side
back side

Laminated
face side
back side

- 170 1t kraft with imbedded sisal reinforc-
ing strands (“Cordex")
- 1/8 inch hardboard ("Supervood")

board

- &0 1b kraft face duplexed to 114 1b W3C
liner with 15 1b polycethylene

- 1/8 incn hardboard ("Armorboard™)

board

- 190 1b kraf't with imbedded sisal. reinforc-
ing strands

- 3/16 inch nerdboard ("Superwood")

[VIRIIR N6
- G.012 inch 3003 H24 Aluminum
- 1/8 inch paper overlaid veneer

board
~ 0.012 inch 3003 H2h Aluminum
- 3/16 inch paper overlaid veneer




Test Code Material, as described by suppliers

Packeging (contd)

B-10 Laminated board
face side - 0.012 inch 3003 H2L Aluminum
back side - 3/16 inch group 3 plywood, container

grade
A=6 Corrugated cardboard, V3C
A-7 Solid cardboard, VoS
A-8 Solid cardboard, V35
F-6 Flexible packaging material, Secr’ n-back (Fr2120)
FP-7 Flexible packaging materisl, 3 lb polyester coat-

ing-0.001 f0i1-0.001 mylar

Cotton sateens were cxposed on the side which showed the twill or
diagonal lines under & mlcroscope. DPoplin cloth did not have a face=~
to=back difference so one side was arbitrarily selected and used consis-
tently throughout the test, a small ink mark identifying the back side.

The face side of laminated boards were exposed. The cardboard
material had printed matter on one side, so this side was selected.
For the flexlble materials; the 0.001 mylar and the rough surfaces of
the Scrim-back were exposed to the glass beads.

To allow correlating particle retentlion with surface properties,
the faces of the materials werc microscopically examined. Two general
categories were observed, smooth and fibrous. All packaging materilals
except Scrim-back were smooth, while all cloth samples and Scrim-beack
were fibrous.

The sample materials were cut into nominal 2 x 2-in. squares. This
slze was selected because of convenience in handling, and it was the
maximum size the analytical balance could accommodate. All samples were
handled carefully to minimize contamination by oll films. All materials
were new and vold of folds, creases, seams, or any visible debris. No
speclal cleaning or other treatments were glven prior to exposure.




SIMULATION OF FALIOUT PARTICLES

Dry, non-radioactive, plass beads* were used to simulate the fall-
out from a land gurface or a low air burst over dry land. Although the
silze range of fallout particlcs are known to cover a mich greatcr range,
the size ronge for these tests was limited to 1 to 270 p.  Preliminary
tests had indicated that beads larger than 270 p werc eaglly removable
from clothing samples by ficld methods such as were belng studled.

Sizing of particles

Three groupe of neads (density 2.5 g/om>), each of different size
distrioution, were selected from the original supply™ by sieving with
5 standard screena, One size group (designated 70M) was sieved to cover
the range from 14 to 27°9p in diameter The distribution was skewed with
a model valu¢ of 2071 This group was used to detsrmine the particle
s17e predominanily reta:ned by the variovs materials.

The other two size groups (desipgnated 170M and 325M) had average
bead dlameters of 75 and 50 u, respectively. The size distributions
were approximatcely normal, and vere obtained by sieving on a commercial
sieving machine¥¥, These groups were those retained on the 170~ and
325-mesh standaxrd screens.

The sizc distributions for the three groups are shown in Fig. 1.
Thesc distributions were determined by mecasuring bead diameters on en-
larged photomicropraphs taken of rondom gamples for cach slze group.
The calibration scale was devised by photomicrographing and enlarging,
under similar conditions, o standard stage micrometer.

APPLICATION OF PARTICLES

To simulatce the deposition mechaniom of impingement, a particle
distributor wos used to deposit the beads onto the material samples.
It consicted of a slowly rotating (1 rpm), 8«in. diamecter circular
table, an alr nozzle, funncl, and a squarc vertical colwmn which had
fourtecn No. 8 sizn screens. The sercens vere located ) in. apart and
were used to deflect and distribute the beads uniformly over a 2 x 2-in.
arca. Welghed amounts of glass beads werce dropped onto the outer edge
of the rotating tablc through & funnel. As the table turned, the beads
werc blown off the table and into the squarc column. They dropped onto

¥  Flex~0-Lite B31 Reflective Glass Beads, Flex-0-Lile Corp., 3t. Iouls,
Misgouri.
¥»* W. S+ Tyler Cc., Cleveland, Ohio.




i }70M SIZE GROUP (2029 PARTICLES)

7OM S1ZE GROUP {1966 PARTICLES)
[] 325M S1ZE GROUP {1035 PARTICLES)
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the sample, which was located in a horizonfal position 1/2 in. below the
column opening. The zamples were mounted 1n & recessed container to
prevent lateral movement during the tests and to keep the sample flat.

To simulate the mechan?amz »f {mpingement by direct traasfer, by
means of a rubber roller and a pressure applicator, preasuce was applied
to beads already de[om*.ed o hhe ma‘t;c:ltfl :,vmples L»y the method des-
cribed shcve. ot 3 unto a sample holder
which was lcca r,-:d (W1 1/1° (Pf'-‘ ay po hion cl‘ ;1 ?vralej e scale being
rigidly mowrted o & The pressure could be controlled
by reading the scale ag elavatled towards the rubber roller,
which wes fixed over the Wher, & resding of 50 1b was
obtained. the somplic zoatoliy uader the roller.

In an efforty
tion of bLeads Lowards

viepaetatd e forces of the attrace~
; Ctents weres condneted while

the room tempewsture wics Lotween ) ¢ tne relative humldity

was between >0 and €0 b Specili- temperstucs and relatlve humidity

could not be malntuined, but by eonducting all tests within these limits

it was ssaumed bhat some grendsudizndion cxlened,  The effect of the

charge builiery From bend colliszions ard Lesd-ho-maber al contact dur-

ing all me~ramican handling won ol meacsured. uoxr vac theve any sttempt

to minindze the ol S E VRS n31ed in bYhe same manner

in an attempi o Y aro tmbicte-up offoets.

Foao !

v

DECONTAMTNATT N

Thrcee cimpls comovn L operal oas waos te vhe contaminated
samples. (L) riacing Bne cample Lo o wery i e (2 applying 20
Yl bruchk; end (4 applyiog = 10-psioalr jet until

o e ramesal operations

strokes of @ cawedl
all macroccoriciliy visible o

were conducted i Bhn sodquencs pouwen Lnoys I

Bac® Legl 7vop Lhiilzne® ang Sesd s proap. Poar oomples of each
matericel tosted wrs uwsd o oeach voo e b Lpees one wal ok cone
teminated witr bossa e e et gy wopdro L b detect vardiation In
weight relative tc changes .n ¢ tongersiwee aod funidity .  The re-
maining Lhrec samples wewn us2d Lo * teads Lhe oumner ol hewds retalned
after esach removal opc-wﬁiﬂm gnd Lo slivalively Jdetwramine the reter-
tion characte

atlos ol the m:f'-\"'r:tv.‘.'i_'t

Meggurement ot Resilual Lonhamint Lo

The amcunt reisined by any semple refore aod after each removal
operation vas determiqed by twe methods. When a relatively large
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number of beads were visible on the sample, the smount deposited or re-
tained was determined by differences in gross sample welght with an
analytical balance, good to t 0.0010 gram.

When little or no beads were macroscopically visible, and after the
third removel operation, the amount reteined was determined by examina-
tion of a preselected area of the sample by optical microscope. The
preselected area was a circle (approximately 3.6% cm?), situated in the
center of the sample to eliminate edge effects. The area examined under
the mlcroscope was assumed to represent the entire sample. Based upon
the quantity and size of beads retalned within this area, a qualitative
determination was made on the mechanism of retention.

The sizing was accomplished with an ocular micrometer containing a
linear scale in the binocular microscope. A stage micrometer indiceting
0.1 and 0.01 mm was selected as & standard to determine the linear scale
division representations. For the ocular lens of S5x each scale division
thus represented 30 p; while for the 1l1x ocular lens each scale division
represented 14 u. Beads were generally sized to the nearest half scale
division in terms of maximum diameter. All beads smeller than one half
scale division were ignored. For the magnification utilized, glass
beads less than one half scale division was not clearly distinguishable
from a dust particle of the same size.

In obtaining the size distribution of the Leads retained on any
sample after each removal operation, at least 200 beads were sized in
situ. For any one particulag semple containing over 200 beads within
the examined area of 3.64 em®, only the first 200 detected were sized
and counted. The balance was counted without sizing.

Results obtained from messurements on the anelytical balance and
by microscope examinations were converted to & common unit (grams per
square foot) for comparison. This unit would make feasible subsequent
comparisons with the theoretical relationships of mass levels and ioni-
zation rates. Miller? used the relationship that approximately 30 g of
radloactive weapon debris fallout per square foot produces an ionization
rate of 1000 r/hr, at 3 ft above the ground and corrected to 1 hr after
burst.

1l




BESULTIS AND DISCUSSION

Table 1 gives the results of the residual contamination before snd
after each decontaminatlon cperatlon for the 7OM sias group. It can be
seen that greater than 98 % of the ifaitial mass of beads applied by de-
position were removed by the first remowval process. This applied for
all 9 clothing samples. The subseguent, two operatinns increased the
total removed ko greater thsn 99 % for =ll the clothing semples.

Table 2 shows simller results for the 170M and 325M size groups.
In Table 2, the weights removed after vertical pcsitioning plus brush-
ing are omitted since the percent of initial was less than 0.5 % in all
cascs. For these twe groups, the mass remalnice is geaerally higher
than that for the 7OM group.

The results for all the packaging materials except Scrim-back are
shown in Table 3. The results for Scrim=-back are listed separately in
Teble 4. In Teble 3, the mass remaising after vertical positioning for
some of the packaging materisls are similer to clothing samples, but
the subsequent removal cperstions ceduces the amount remaiaing o essene-
tially zero.

The results shewn in Table L indicate that the mass of beads reo
tained by Scrim-back is slightly greater than that by the clothing
samples shown ir Table 1.

Some of the packagirg materials retained higher perceatages after
vertical positioning wher compar=d to the sversge retained by cotton
sateen cloth, but after the three successive removal operations these
packaging materials reiained zerc amourks. Slnce the packaging materi-
als which yielded these retentlorn percentages 4did not possess any macro-
scoplcally visible retaining fivers. 17 must be assumed that an electro-
static force of retenticn wms moting tetwean the beads and the samples.
The subsequent two removal cperations overcams this forcs to remove
practically all of the tesds.

|_l
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TABLE 2

Average of 170M and 325M Beads Retailned on Cloths After First and Third
Removals in Decontamination Sequence. Contamination by Deposition.

TnitIiay
Cloth Contami- Welght After Removal
nation Vertical Positioning Vertical Positioning,
(g/£t2) Brushing, and Air Jet*
(g/£t%) (% of Initial) (g/£t2) (% of Initial)
170M
C-1 103.6 1.66 1.60 0.0082 0.0079
c-2 121.0 0.73 0.60 0.0020 0.0017
c-3 126.2 4,67 3.70 0.0113 0.0090
C-h 126.3 1.64 1.30 0.00k41 0.0032
C-5 122.2  1.83 1.50 0.0078 0.006%
c-6 125.8 10.6 8.43 0.0065 0.0052
C-7 122,12  1.10 0.90 0.0028 0.0023
¢-8 124 .4 0.75 0.60 0.0011 0.0009
¢-9 128.1 2,30 1.8 0.0007 0.0005
325M

c-1 0.7 1.15 1.89 0,016k 0.0270
c-2 70.3 1.05 1.49 0.017h 0.0248
C-3 4.6 2.46 3.30 0.0423 0.0567
Cal 4.8 1.35 1.8 0.0254 0.0340
c-5 63.1 1.20 1.9 0.0248 0.0393
¢-6 70.5  L.65 6.60 0.0810 0.1149
C-7 .0  0.59 0.8 0.0100 0.0135
c-8 67.9 0.k 0.60 0.0048 0.0071
c-9 66.0 1.85 2.80 0.0237 0.0359

*Number of beads per cm@ converted to equivaelent g/ftz; 50 u diameter
and 2.5 g/cm3 density assumed.
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TABLE 3

Aversge of TOM, 170M, and 325M Beads Retained on Packaging Materials,
Except Scrime-back, After First end Third Removals in Decontemination
Sequence. Contamination by Deposition.

Material Initial Weight After Removal
Contami~ Vertical Positloning Vertical Posltioning,
nation Brushing, and Air Jet¥

(6/Tt%)  (4/5t8) (% of Tnitial) (a/re2) (% of Initial)

oM
B=1 51.34 0.87 1.69 0.0004 0.0008
B=2 49.90 0.85 1.70 0.0002 0.000L
B~3 57.83 0.75 1.30 0.0002 0.0003
Bedt 67.06 0.27 0.40 0.000k 0.0006
B-5 63.60 0.19 0.30 0.0002 0.0003
B=6 66.3L 0.0k4 0.06 0.0002 0.0003
B-7 66.63 0.20 0.30 0.0001 0.0002
B~8 55,52 0.22 0.ho 0.0000 0.0000
B9 53.9L 0.22 0.h1 0.0000 0.0000
B~10 53.07 0.05 0.09 0.0000 0.0000
A-6 7.93 0.16 2.02 0.0000 0.0000
AT 15.72 0.66 L,20 0.0000 0.0000
A-8 9.66 0.09 0.93 0.0000 0.0000
Fa7 2,11 2.15 5.11 0.0000 0.0000

17OM
B~1 86.41 2,16 2.50 0.0000 0.0000
B-2 93.87 3.19 3.ho 0.0003 0.0003
B-3 92.10 1.20 1.30 0.0003 0.0003
Bk 107.98 1.09 1.00 0.0006 0.0006
B-5 100.65 0.20 0.20 0.0003 0.0003
B-6 78.54 0.03 0.0k 0.0001 0.0001
B-7 83.97 0.17 0.20 0.0001 0.0001
-B=8 T2.57 0.22 0.30 0.0000 ©.0000
B-9 €0.63 0.61 1.01 0.0000 0.0000
B-10 72.71 0.01 0.01 0.0000 0.0000
A-6 79.49 0.16 0.20 0.0000 0.0000
A-T 71.89 7.05 9.81 0.0000 0.0000
A-8 €9.45 0.1k 0.20 0.0000 0.0000
Fa7 83.15 3.49 L.20 0.0000 0.0000

Continued
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TABLE 3 (contd)

Average of 70M, 170M, and 325M Beads Retained on Packaging Meterisls,
Except Scrim-back, After First and Third Removals in Decontamination
Sequence. Contamination by Deposition.

Material Initial Welght After Removal
Contami- Vertical Positioning Vertical Positioning,
nation Brushing, and Air Jet*

(g/£t2) (g/tt%) (% of Inmitial)  (2/ft%) (% of Initial)

325M
B-1 50.85 2,03 3.99 0.0020 0.0039
B2 55,87 4.30 7.70 0.0000 0.0000
B-3 54,28 1.79 3.30 0.0000 0.0000
Bl 56.27 1.2k 2.20 0.0049 0.0087
B-5 54, 8% 0.16 0.29 0.0041 0.0075
B-6 59.94 0.36 0.60 0.0001L 0.0002
B~7 59.70 5.19 8.69 0.0036 0.0060
B-8 52,45 0.21 0.h0 0.0000 0.0000
B-9 58.42 0.47 0.8 0.0000 0.0000
B-10 53.80 0.32 0.59 0.0000 0.0000
A-6 64.48 0.13 0.20 0.000C 0.0000
A-T 51.09 3.78 7.h0 0 .0000 0.0000
A-8 66,71 0.13 0.19 0.0000 0.0000
F-7 62.09 0.75 1.21 0.0002 0.0003

*Number of beads per em? converted to equivalent g‘/fte; 50 p diemeter
-and 2.5 g/cm3 density assumed.
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Beads retained after each removel operatlion were microscopically
examined and sized. Figure 2 shows a slze distribution of beads re-
tained by the untreated cotton sateen cloth. The number of beads re-
telned decreesed with each removal operation and the percentage of the
number of larger rilze beads decreased with each operation. Similar
results were indicated on all other clothing and Scrim-back samples.

Macroscoplic surface examinations of all materilals tested revealed
that all packaglng materials except Scrim-back were smooth. All cloth
and Scrim-back samples were ldentified as fibrous. Comparlson of the
smounts of beads retained with degree of fibrousness revealed a direct
proportional relationship. Materials with smooth surfaces retained in-
significant amounts after the three removal operations, whereas Scrim-
back packeging material, which had the largest inter-yarn spaces snd
the most protruding tentacles, had the highest number reteined. Fig. 3,
which shows beads being retained on Scrim-back, reveals the large spaces
between yarns and the many tentacles. It also shows the tentacles hold-
ing the beads.

Table 5 shows the effect of direct transfer on bead retention by
clothing materlal. Results are glven as ratios of the mass retained
after the three removal operations, for samples contaminated by direct
transfer to those by deposition. It can be seen that the pressure ap-
plied has forced the particles into the fibers and caused higher resi-
dual contamination.

Although anealyses of the relative merits of the treatments on cloth
samples with respect to residual contamination characteristics wes beyond
the scope of the test, results obtained for the deposition method indi-
cate some variations due to the treated surfaces. In general, the treated
cotton sateen samples retained smaller mass of beeds compared to the un-
treated cotton sateen. A comparable effect on the cotton poplin was not
evident.

18




34
32
30
28
26
24
22

20

PARTICLES RETAINED (PERCENT OF QUANTITY (N GROUP}

TI]IjI[I]I[I][TI]I[III

TTTTTTd

14

BEFORE VERTICAL POSITIONING (1966 PARTICLES)
AFTER VERTICAL POSITIONING {1276 PARTICLES)
AFTER VERTICAL POSITIONING AND BRUSHING
(358 PARTICLES)
AFTER VERTICAL POSITIONING, BRUSHING AND AIR JETTING
{193 PARTICLES)

O

98 uz 126 140 154 168 182 196 210 224 238 252
21 35 49 63 7 9 105 119 133 47 161 175 189 203 217 231 245 259

PARTICLE DIAMETER ()}

Fig. 2 Size Distribution of TOM Particles on Untreeted Cotton Sateen

Cloth (C-1), Before and After Three Removals in Decontamination
Sequence.
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o 200 400

Fig. 3 Particles Retained on Scrim-Back (F-6) Packeging Material.
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CONCLUSYONSG AND HECOMMENS
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Seram=back and all cleth samples, wolsh bave spaces belween yarns
and many Tibers acting 33 mechaalasl trames, retuined detechtabls amounts
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back retaiped morce besds taur i 0o Sample . U satean ~loth,
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In gencral, particioc: oF thy shapr and size of ends which
impinge by depositior cr by airatt tyanaslor ot apct marorials as these
tested are held by 3 mechariceal tone Lo¢ leeaom) Mebbods of removal
slightly move vieorous s o vriaal pos dioniee eas by over come this
bond. Particle: retained alftor the theed omwad oporation: used can
probably e removed cazily Ly ohes wessT aach o vasuuning or lauoder-
ing. Field expelvicacics ~f narticls remevayt woily procably suffice ro
remove 98 % cf tre part .cles o wariat o f shape 000 tae test parte
icles would wnjuestionst Ly i crea o Fle aecy te ora,ned by tue samples
studied. In this wozt. reecyiy, fayo offoorn o oage vaz ldealized by
utilizing spheracal. parteclr < ey,

Undouttedly, pacticliee of dlameter les . than the 14 ¢ used would
heve been more FLfTicult to vemove oy G meshanical pryticle removal
methods wutilized. The particles arl heldd wiscolike bty the fibers. Even
though the residual contamins Cowad DO anch bighor vhen small pars
tiecles are present, the radiation lew:ls pwoduced willl probably be
lower or iasignificant. Daba Trom pesgt —renpols effect: fests indleate

that particles less than 1% o produoced the lowey rwlisilon readings.

No attempt was made to eorrelsic test wesuwlis with radiosctive
fallout: particles which arise from nwaelear daronations Sucht variables




as particle size distribution wlth distance, specific activity per per-
ticle, location of radioactivity within the particle, shape, density,
chemlcal composition, mass levels produced, sclubility, and megnetic
properties &ll complicate the problem. Through postulating or assuming
gpecific values for the many varlables, these test results probably could
be correlated with fallout data, similarly to the calculatlons performed
by Clark.¥*¥ This was not done in this study since the retention charac-
teristics of various QMC materials was of primary interest. HNowever, a
rough indicetion can be mede of the significence of the initial mass
levels employed through the relation: approximately 30 g of radioactive
weapon debris fallout/ft2 produces an lonization rate of 1000 r/hr, 3t
above the ground and corrected to 1 hr after burst.”? Thus the meximum
mass levels employed in the experiment, approximately 130 g/fte, corres-
pond to a standard field intensity of about 4000 r/hr at 1 hr.

Simpler detectlion and measurement technigues such as use of radio-
actively tegged particles of a known size distribution, shape, and acti-
vity level, should be investilgated further. In any future test, the
physical and chemical characteristics of fallout particles as functions
of burst environment, yleld, and distance from ground zero, should be
carefully examined so that the falloul simulant may be more vigorously
associated with any desired radiological situation.

Since this study did not include the effects of humidity, oil bond-
ing, shape of particles, and electrostatic forces of particle retention
on clothing materials, any further investigation should include these
effects.

*¥D. E. Clark, private communication.
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